Abstract -A survey of wireless sensor network solutions for gait assessment is presented including own developed solution gait assessment based on smart insoles nodes ZigBee compatible characterized by multichannel force measurement and MEMS inertial measurement IMU. The system was developed to measure ground reaction force, acceleration and direction of feet in order to provide information to physiotherapists for an objective evaluation of rehabilitation effectiveness. Based on acquired data from the sensing channels a set of gait feature extraction such as walking speed stride length, swing time are calculated as part of gait analysis.
I. INTRODUCTION
Clinical or quantitative gait analysis is a topic of paramount importance in which concerns the detection of gait abnormalities and the support of decision-making relating to people that are under physiotherapeutic treatments. It is important to obtain quantitative data regarding the measurement of forces and walking kinematic parameters like positlon, velocity and acceleration. There exist a large number of techniques that can be used for gait assessment. Image based techniques are powerful to recognize and identify gait abnormalities and to evaluate patients' evolution over physiotherapy treatments. However, these techniques are affected by the subjectivity of the observers that judge the quality of gait and by their accumulated knowledge and experience in the area. By its turn, even if there exist videography based techniques to perform kinematic analysis, these techniques, usually based on the usage of retlective markers, are also prone to errors related with the image accuracy and resolution that depends on the type of markers that are used and on the contrast between them and the surroundings. Repeatability errors caused by variations in the positioning of the markers are also a great disadvantage of these methods. Another type of techniques that can be used for gait assessment are based 978-1-4799-7071-1/15/$31.00 ©2015 IEEE on electromyography (EMG). In this case, EMG electrodes acquire voltage signals that give information about muscles' activations. However, these signals have a very low amplitude being required an adequate signal conditioning to obtain an acceptable signal-to-noise ratio of the signal before digitalization or recording. The electrodes pick up electrical noise and the electrodes' connecting wires behave like antennas that cause additional problems. Moreover, non-invasive surface electrodes only gives a gross estimation of musc1e activity with low resolution. Even if it is true that every technique has its own advantages and disadvantages, in this paper quantitative techniques based on the usage of accelerometers [1] [2] , gyroscopes [3] [4] , inertial measurement units [5] [6] [7] and force sensing units [8] are considered.
Transmission forces, body accelerations and direction, and other physical variables related with ground reaction forces are measured and processed, in a real-time mode, in order to extract gait related parameters. As a result of the present work, a low-cost, non-invasive and wireless system for gait monitoring was implemented and tested with successful results. This paper is organized as follows: Sections II and III present the system's description, namely, its hardware and software parts, respectively; Section IV presents experimental results and data analysis and Section V presents paper's conclusions. Figure 1 depicts the gait monitoring system block diagram. This system includes, mainly, two tlexiforce sensing units, one for each shoe insole, a data processing, acquisition and communication platform, a force signal conditioning unit and an inertial motion unit (IMU) with 12C communication capabilities. The communication between the gait monitoring system and the gait assessment base station is supported by a wireless Zig Bee network [9] that can access data from multiple gait assessment coordinator nodes. FSR within the force range previously referred. The . Regarding practical issues, it is important to underline that the response time of these sensors, usually measured by the time constant of the resistance variation when the sensor is submitted to a step force stimulus, depends on the thickness and elasticity of the material that is placed over the sensing area of the FSR. It is also expected that when the thickness of the material placed over the FSR increases, the time constant of the FSR increases but the overall sensitivity of sensing unit, FSR plus the interface material, decreases.
II. SYSTEM DESCRIPTION: HARDWARE PART
The calibration of the FSRs were performed using a pneumatic cylinder, actuated by a manual pneumatic pump, being the measured force, applied over the FSR, measured by a precision balance [ 12T that has an accuracy better than 20 gf. As an example, figure 2 represents the calibration results that were obtained for one the 6 FSR. As expected, the conductance increases, with a linear trend, with the applied force, being its minimum and maximum values equal to 0.546 and 6.024 IlS when the force varies between 1300 and 12000 gf, respectively. It is important to underline that during calibration a thin polyethylene film, with 1 mm thickness, was inserted between the sensing area of the FSR sensor and the pneumatic cylinder piston rod in order to provide a uniform pressure distribution over the sensitive area of the sensor. A 9 degrees of freedom (9DOF) inertial motion unit [15] that includes a triple-axis gyroscope, a triple-axis accelerometer and a triple-axis magnetometer was used to extract gait kinematic parameters. The main characteristics of the L3G4200D gyroscope from STMicroelectronics [15] [16] from the same manufacturer was used. The main characteristics of the accelerometer includes four selectable full scales of ±2g, ±4g, ±8g and ± 16g, 16 bit resolution, power-down and low-power modes and the main characteristics of the magnetometer includes a resolution of 2 mG, a 1 % F.S. cross-axis sensitivity and a maximum magnetic disturbance field immunity of 20 G. Similarly to the MEMS gyroscope, this device assure the communication with the data processing and communication platform through an 1 2 C communication interface.
The data processing and wireless communication platform was implemented with a microcontroller board based on the ATmega328P [17] that runs at 3.3 V and 8 MHz. This microcontroller is included in an Arduino Fio [18] coupled to a Xbee shield that assures wireless ZigBee communication capabilities. The main characteristics of the Arduino Fio module includes a number of 14 digital input-output pins, 8 analog input pins and a 32 KB flash memory. Each analog input provides 10 bits of resolution and the XBee transceiver has a typical coverage range of 30 m, a transmitt power of 1 mW and a receiver sensitivity of -92 dBm. The IMU measured data can be used to trigger the power-down mode of the integrated circuit if no movement is detected. In this case the power consumption of XBee device is lower than 33 /-! W. Figure  S depicts an overall view of the force sensing insole that includes the flexiforce sensing unit, the Arduino Fio microcontroller module with a ZigBee shield, the IMU and the force acquisition and signal conditioning unit.
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III. SYSTEM DESCRIPTION: SOFTWARE

PART
The implemented wireless sensor characterized by IEEE802.1S.4 protocol and star topology with two end nodes and a coordinator provides information about distribution of the force on insoles during walking gait and information about subject motion. The coordinator expressed by a laptop computer and USB-to I EEE802.1S.4 adapter receives the data from the sensor nodes and assures online processing to extract information about normal and abnormal gait of the subject. WSN Gait Assessment software was developed in Lab VIEW and includes a communication module associated with IEEE802 .IS.4 wireless sensor network including smart insole end nodes characterized by force and inertial parameters measurement capabilities. The firmware for WSN nodes was developed using Arduino software drivers considering the analog inputs and 1 2 C communication interface programming associated with the Arduino Fio platform. The implemented WSN the coordinator, expressed by the laptop PC with an IEEE802.1S. 4 wireless interface, is responsible for administering address and forming and managing the network that includes, in this case, two end nodes (FA Acql, FA_Acq2) attached to the subject feet. The end -nodes search for the coordinator and exchange handshake information at startup. To configure the Xbee modems associated with the WSN the X-CTU configuration software from Digi was used. Using USB Xbee adapter connected to a USB port of laptop, and appropriate X-CTU settings the XBee modems associated with coordinator and end-nodes are configured and tested. The developed firmware for Arduino Fio associated with WSN end nodes assures the acquisition of the force signals (F.Leftl, F.Left2, F.Left3 and F.Rightl, F.Right2 and F.Right3), acceleration and direction of feet during walking gait. The signals are processed on the level of laptop to extract important features that may be later used ICEMI'2015 for gait analysis. Thus, parameters such walking speed, speed of leg movement, foot orientation, cadence, swing time, path distance are calculated.
Additional features were calculated based on spectral signature of the force signals, obtained using time frequency processing algorithms implemented in LabVIEW.
IV. RESULTS AND DISCUSSIONS
In time domain the normal walking gait is expressed by right and left foot force signals (VFrl, VFr3 -right foot forces; VFll, VF13 -left foot forces) presented in figure 6 . Taking into account the limited capabilities of data acquisition and wireless communication rate, a 20 Sis sampling rate was considered for testing purposes. Analyzing the spectrogram signature it can be observed that lower frequencies values -lower step cycle and cadence-irregular distribution of maximum spectral power and higher values of spectrogram energy (orange red represented) corresponds, as expected, to the left leg dragging case.
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V. CONCLUSIONS
The paper presented a low-cost, non-invasive and wireless system for gait monitoring. Kinematic parameters related with acceleration and direction are obtained using an inertial measurement unit. Ground reaction forces are also accessed by using smart insoles that include, each one, a set of three force sensing resistors. The basic configuration of the system includes a coordinator node, the gait assessment base station, and two terminal nodes, each one in each leg of the subject under gait analysis, wirelessly interconnected. Several algorithms to extract, in time and in frequency domains, information about temporal, linear and angular movements were also developed. From the testing results it can be concluded that the proposed system represents a suitable solution to identity normal and abnormal gait patterns and to provide reliable information to physiotherapists concerning an objective evaluation during rehabilitation processes. 
